DNA double-strand breaks (DSBs) occur naturally as part of normal cell development, are induced by ionizing radiation, or can be generated by chemotherapeutic agents. DSBs scale linearly with ionizing radiation dose, with an incidence of approximately 20-40 DSBs per Gy of absorbed dose per nucleus from X-rays (1, 2) . A commonly utilized surrogate for DSB formation is the phosphorylation of histone H2AX at Serine 139 (gH2AX), which is one of the first steps in the initiation of the cellular DNA DSB repair pathway (2) (3) (4) . Resolution of DSBs correlates with dephosphorylation of gH2AX. The time course of phosphorylation and dephosphorylation can be measured to determine the kinetics of repair. Traditionally, this process is analyzed by counting the number of gH2AX foci via immunofluorescence microscopy, assessing levels of gH2AX by Western blot, or determining the level of per cell gH2AX by flow cytometry (5) . All of these methods are both labor-and timeintensive and can have significant costs associated with them (Table 1) . Manual foci counting is also susceptible to foci selection bias by the investigator. Here we present an expedient, high-throughput, objective, and cost-effective method for gH2AX analysis.
Cells are first cultured in flat-bottom 96-well plates and differentially irradiated in groups of 4 wells (for sample replicates) using a high-throughput variable dose-rate irradiator we described previously (6) . Following radiation, cells are either immediately assayed to assess maximal gH2AX response or assayed at later time points to assess DNA repair kinetics. Additionally, this method may be easily adapted to assess gH2AX foci induced by chemotherapeutic agents.
At the desired time point, medium is aspirated from each well, and cells are fixed in a volume of 50 mL/well of 4% formaldehyde (methanol free) in phosphate buffered saline (PBS), pH 7.4, for 10 min at 37°C and then chilled on ice for 1 min. Fixative is aspirated from each well, and cells are washed 3 times with PBS (100 mL/well). Cells are then permeabilized using 90% methanol (in PBS, 50 mL/well) for 30 min on ice. Cells are again washed 3 times with PBS (100 mL/well). Nonspecific antibody binding is blocked by incubating cells in incubation buffer (100 mL/well, 0.5 g BSA in 100 mL PBS) for 10 min at room temperature. Buffer is aspirated, and cells are incubated with 50 mL/well Phospho-Histone H2A.X (Ser 139) (20E3) Rabbit MAb primary antibody (#9718, Cell Signaling Technology, Danvers, MA) at a 1:400 concentration, diluted in incubation buffer at room temperature for 1 h.
Cells are washed 3 times (100 mL/ well) with antibody-free incubation buffer. Cells are then incubated with 50 mL/well of a fluorescently conjugated (Alexa Fluor 488) secondary anti-rabbit IgG (#4412, Cell Signaling Technology) diluted 1:1000 in incubation buffer for 30 min at room temperature. During this incubation, cells are protected from light by wrapping the plates in aluminum foil. Secondary antibody buffer is aspirated prior to a final 3 wash series with 100 mL/well incubation buffer. Cells are maintained in PBS (100 mL/well) for gH2AX foci detection.
The Assessment of gH2AX expression for studying DNA double-strand break formation is often performed by manual counting of foci using immunofluorescence microscopy, an approach that is laborious and subject to significant foci selection bias. Here we present a novel high-throughput method for detecting DNA double-strand breaks using automated image cytometry assessment of cell average gH2AX immunofluorescence. Our technique provides an expedient, highthroughput, objective, and cost-effective method for gH2AX analysis.
Benchmarks

METHOD SUMMARY
Here we report a high-throughput method to objectively study DNA double-strand break cellular repair mechanisms using image cytometry. settings tab is used to select the wells containing the hypothesized minimum and maximum fluorescent signal and acquire images from both of these wells to adjust the fine focus and exposure of the instrument. This process can be repeated as needed to achieve image clarity. Under Image Analysis settings, a cell count analysis is selected, and the sample image is analyzed to confirm that the instrument is properly detecting individual cells. The object size parameters may be adjusted and the image reanalyzed as necessary to ensure distinct nuclei are properly identified. Using the average integrated intensity output parameter, the cell average gH2AX fluorescence is measured. This results in gH2AX fluorescence per cell, as these data are normalized by cell count. The selected wells from the plate are then read and the data exported for analysis. We have utilized 8 wells (of a 96-well plate) per condition, which results in the analysis of over 1.6 × 10 5 individual cells. Data analysis was performed using GraphPad Prism (GraphPad Software, Inc., La Jolla, CA). The mean per well signal (relative fluorescence units) is graphed along with the 95% confidence interval (CI).
Using this method, a linear response of average per cell fluorescence with respect to dose is seen in HeLa cells over the range 0-8 Gy ( Figure 1A ) with representative microscopy images showing gH2AX foci at several dose points ( Figure  1B ) along with the number of cells at each relative fluorescence ( Figure 1C ). This approach is able to account for differences in the number of cells per well by providing a per cell intensity rather than a per well intensity. Our method is also amenable to identifying foci formed in response to chemotherapy-induced strand breaks. A dose-dependent response of gH2AX foci is seen over a range of etoposide (a known inducer of DNA strand breaks) doses as shown in Figure 1D . As shown in Figure 1E , plating 
